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Estmation of LCF life for a turbine disk based on P-&N curves
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Abstract

The fatigue life follws log-nom al distrbution and the standard deviation of lbgarithm ic life mcreases with

reducing elasticity and plasticity stram The P-€N curves of mibme disk material GH4133 i tem perature of 250C was ob-

tained by the integral estin ation m ethod based on heteroscedastic regression analysis of the low cycle fatigue ( LCF) test data

The reliability analysis of LCF life for a uitbine disk was canpleted by these P-€# curves The fatigue life w ith confidence of

0.95 and reliability of 0. 998 7was 1 866 cycles and itwas converted nlo 683 hours of flight which fitted wellw ith the tech-

nical life based on real wibine disks fatigue test estmation The precision of the P-€N curve obtained by the ntegral estina-

tion was good enough The fatigue reliability design and analysis of uibne disks based on P-€N curwveswas smple in canpu-

tation and could save the cost of fatigue tests
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Table1 LFC test data of GH4133

Specin ens AE, /2 A€, 12 A€, 12 N,
1 0.00421  0.00402  0.000 19 15 900
2 0.004 18  0.00395  0.000 23 125 00
3 0.00425  0.00401  0.000 24 22 546
4 0.00425  0.00405  0.000 20 19 050
5 0.00424  0.00405  0.000 19 9 984
6 0.004 85  0.00442  0.000 43 11 724
7 0.004 81  0.00440  0.000 41 9 338
8 0.004 84  0.00445  0.000 39 10 154
9 0.004 81  0.00431  0.000 50 10 862
10 0.004 81  0.00434  0.000 47 10 836
1 0.00544  0.004 67  0.000 77 6 674
12 0.00540  0.00474  0.000 66 7198
13 0.00543  0.00468  0.00075 7 906
14 0.00545  0.00462  0.000 83 10 266
15 0.00538  0.004 66  0.000 72 9 598
16 0.00697  0.00533  0.001 64 4 690
17 0.00699  0.00515  0.001 84 2752
18 0.00695  0.00527  0.001 68 3 368
19 0.00701  0.00518  0.001 83 3674
20 0.00692  0.00524  0.001 68 3334
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Table 2 Parameters of P-€N curvers

¥ P o' IE b € ¢
0.5 0.02346 -0.1817 198.54 - 1.4114
0.9 0.02302 -0.1860 318.66 - 1.5187
0- 0.99 0.02266 -0.1897 496.38 - 1.6192
0.9987 0.02242 -0.1922 681.92 -1.6913
0.5 0.02316 -0.1817 179.09 - 1.4114
] 0.9 0.02271 -0.1870 327.77 -1.5433
0-9 0.99 0.02230 -0.1919 613.22 - 1.6808
0.9987 0.02201 -0.1951 969.04 - 1.7827
0.5 0.02306 -0.1817 173.56 -1.4114
0.9 0.02261 -0.1874 334.14 - 1.5533
0-95 0.99 0.02218 -0.1927 671.15 -1.7056
0.9987 0.02187 -0.1963 1123.4 -1.8201
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Table 3 Evaluation of LCF life for a turbine disk

y P N H
0.5 5 651 2 069
0.9 4 043 1 480
0.5
0.99 3076 1126
0.998 7 2574 942
0.5 5245 1921
0.9 3 566 1 306
0.9
0.99 2539 930
0.998 7 2 031 743
0.5 5119 1 875
0.9 3411 1 249
0.95
0.99 2372 868
0.998 7 1 866 683

SCHR [ TRAEASFIEE T GH 413344 BHO K75 24
P o7 W B s, S TR B S 0.95 v §E R
0. 9987 175 fiv HLFE R 40, 7 B 9290 50 A1 (I 16 3K 9% 57
I LA B, B 2 R BRI R A A A AT VT
fiti, MR EAEEE 0.95 WFELE 0.998 7T AR T dr A
2 198 K&, & 805 AT /M W 4% & 00-971 #%
HE T2 I 0 R 01 A () 45 R A ] 58 B2 1 4
RFEMA 132G, & 524 KAT /NI A T H
P-eN M HA R M HE AR T @ 1 866 IR TG, &
683 KAT /NI, AT R W & 2 0], G888 5 K FE BE 325 40
AL A ay R R R A RS g e, BF 00-
O7 1M — M FU L5 Hh 1 75 A RS R 4, 2R
Jo5t 281 7 — 5 o Pl P P 1 a1, Py DABIORE R B b B
K, AR TG drii e ASCE SRR [ 7145 R
LR MXHRZEN 15. 1% .

PA b 2r B, e bm e i 1 % 57 i 30 3R 15 P -eV

FEESR, 3F HLAE 5 AT 48 TSI (R AR 5 A, JE
ol F vt B B e 4 73 i m] S22 90 i FIEBOR A7
il ST ASGEHOCE 204 15 K 15
B P-eN Lk, aT LT A SR BEWE & 2 G 1A

J7 IR, P -eN i 2% T-BE =R A7 i T A 2 4 ik
.

5 & 1

I 2R 7 22 8] VA1 43 A 7 2R R AL
R EL GH 4133 BLA IR 6 38 9% 57 1056 K45 3t 47
BORHEWT, 193] T 250 CFEA —wBEE AW
P-eN HZRI%; 3 P-enN dhZ Xt 3R Sl R e
BEEAT TR 55 A3 dw o] SEME ST, IR1G T BAEK
F4roN 0.5 0.9 0. 95 1) 46 £ 26 75 iy, ) B EL
{ER 0.95 AJ5ERE 0.998 71175 fiv 5 SR FC BLI% 57
RIRTT B R AR TF dr BN

SIMTEFRIGAE T P-eN fh 2k REARHEWT ik A
o, BRI EAPRL P-eN 2R3 2 — i IR
3K, Be8E R R BN RE B 19 55 v] SEME B E A voF
PR ERL AR . L P-eN il 2k X I ES A AT
RAEMATE, 54T W L ARG A, & A
THBY B3 fr vl SE 20 b Al i e S R 75 i Y1 20
%,

S5 30k

[ 1] MER, XURHS. e MR P-eV il 28 % HE by 5
F ). miaEEh 1R, 2006 21(6): 957~ 961,

[ 2] fER. LS ZREEASH [ J]. B2, 1994
15 (3).

[ 3] #&ze B RahbLstoh A R Bl F 4 (M), dk
s EATE KNS AR, 1990

[ 4] ETRE. F&EACHE IR 557 7 dy T A8 A58 vF il 7
EWEIT D). mE A AL AR K, 2006

[ 5] W, Hm, FiRA. EERRII GRS EN
FAR G [ )], AR R 5P, 2000 13(4): 22
~ 26

[ 6] B&3r, Fruefh, WiHLEH, 5. 800 55 vl SEdE it
Monte-Carlo ¥ 7 1/ 51 [ J]. & 4t {ii 5 % 4], 2007 19
(2).

[ 71 W&l BSR4 R 9% 57 55 i vl S8 4 23 H i O vk
[ J]. LA 5#4%, 1997 18(2): 135~ 138

[ 81 FERE, Bh il % A% 0708 M 95 55 1 2% 5 dn A
BAPL[ )], Miassh 71244, 2006 21(4): 706~ 710

(40%%: IRIRAL )



